ABSTRACT: The plant gall collection is part of the Herbarium BUNS collection, University of Novi Sad. Collection began with the formation in 1976, and as a unique type of collection in Serbia, it has existed for 35 years. Today's collection Herbarium cecidologicum is made of two units -Plant gall collection (dried specimens) and database, and includes 438 data: 294 data for dried specimens and 144 collected literature data about the distribution plant galls.
INTRODUCTION
Natural history collections are valuable source for biodiversity studies. They provide a unique ability to review data for a long time. On the data stored in museum, collections are based on contemporary research: the loss and fragmentation of habitats, biological invasion, and the consequences of global climate changes (S u a r e z and T s u t s u i, 2004).
With its, mostly unusual structure, plant galls attracted the attention of naturalists from ancient times. However, plant galls should be distinguished from distortion of plant tissues, resulting from the feeding of certain groups of insects, when as part of "healing" damaged tissue leads to its thickening or twisting of leaves, so the caterpillar could be fed within them. Plant galls represent a kind of association between the two organisms, in which the gall causers is a parasite, and a plant whose tissue forms gall is a host. The definition that most defines the galls is: A gall is an abnormal growth produced by a plant or other host under the influence of another organism.
It involves enlargement and/or proliferation of host cells and provides both shelter and food or nutrients for the invading organism (R e d f e r n and S h i r l e y, 2002).
Herbarium BUNS is the official botanical collections at the University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, registered in the Index herbariorum (H o l m g r e n and H o l m g r e n, 2003), and it is equivalent to the museum's collection, with the base at the University. Within the herbarium, there are 14 separated collections, one being a Plant gall collection (Herbarium cecidologicum), which is the result of collecting materials for floristic researches. This collection stands out, since plant gall collections are often part of gall causers' collections. Because of the great diversity of gall causers species (causers can be bacteria, algae, fungi and animals) the existence of separate collections, due to the type of causer is justified, and the largest collection of plant galls are part of entomological collections. In Serbia, the most important is the collection of Duška Simova-Tošić, deposited in the Natural History Museum in Belgrade.
Plant gall collection in herbarium BUNS is formed in 1976, when the first plant galls were collected. After that, there has been continuity in the collecting of the galls in the field and the literature data. Galls have been collected mainly in Vojvodina (Serbia) because of the intensive field research in the Pannonian part of Serbia during the last four decades. By 1976, there was no collection of galls at the former Institute of Biology (present Department of biology and ecology), which was why they were dried and deposited as part of the herbarium collections.
The most important collector is Dr. Pal Boža, who collected approximately 90% of the material in the collection. Beside him, there are many researchers that are known for their work, such as Dragiša Savić, Predrag Radišić, Dr. Goran Anačkov, and Ranko Perić. Nowadays, the collection of material is expanded to the Balkan Peninsula and other regions where scientific expeditions are organized. Research of plant galls has several goals: updating knowledge of diversity and distribution of the galls, recording new species whose causers are invasive and/or potentially invasive species in the studied area, and that are developed in an economically important cultivated species. In accordance to the principles of sustainable development, for already existing dried material of plant galls, presently only data on the distribution are collected with additional photo documentation. All of these data are included in the general herbarium database.
MATERIAL AND METHODS
Plant gall collection is organized in two separate systems: a collection of dried specimens and an electronic database.
The galls collection consists of dried specimens, collected in the period from 1976-2010, during regular field research. Galls, whose causers are animals, were collected at different life stages and therefore there are no larval forms for all specimens in the collection. Plant galls were identified by indirect methods -based on the determination of the host plant.
The plant material was determined by standard keys for the determination of the study area (J a v o r k a, 1925; J o s i f o v i ć, 1971-1977; S a r i ć, 1986; 1992) . Nomenclature of plant taxa has been aligned to the contemporary monographs and checklists (G r e u t e r, 1984; G r e u t e r, 1986; http://ww2. bgbm.org/EuroPlusMed/; http://plantnet rbgsyd.nsw.gov.au/iopi/iopihome.htm), the systematic of plant species is given according to the phylogenetic system (T a k h t a j a n, 2009). Plant material with galls was dried in dark, dry place and then deposited in cardboard boxes with lids, measuring 5x8x12 cm and 5x8x19 cm. The collection undergoes periodic treatment at low temperatures when the material is stored in a cold chamber at the temperature of -16 o C, for 20 days and then treated with insecticides.
Plant gall causers were identified by using the keys for the determination of the gall (M o e s z, 1938; A m b r u s, 1970, 1974; R e d f e r n and S h i r l e y, 2002; B i j k e r k, 2011), which provide an overview of the plant galls, by identifying host plant, morphology and the part of plant that is infected (B o ž a, 1983a). For plant galls that are found with larvae, the larvae are preserved in 50% alcohol solution and deposited along with the plant material. Systematic of gall causers is given according to the phylogenetic system (Fauna Europaea -Recording information about the plant galls, their host plants and causers -Reconciliation of the known data for the galls, their hosts, and causers -Quickly and efficiently searching the collection -A basis for interdisciplinary research of flora and fauna, flora and bacteriology
RESULTS AND DISCUSSION
Plant gall collection (Herbarium cecidologicum) is a special collection of herbarium BUNS and it is built from two units -a collection of dried specimens and electronic database. In the collection are deposited 294 dried specimens, organized chronologically, and electronic database contains information for the stored specimens, the data from literature and personal communications. The database consists of 438 row data, and it can be searched by the host plants, causers, regions, sites, and the date of collecting according to the source. In the collection, database (including photo documentation) and the book of evidence galls are recorded with numbers from 70000001 to 70000438. In this paper, plant gall causers are presented. All other information is available on the website presentation of Herbarium BUNS [http://www.dbe.uns.ac.rs/o_depart-manu/laboratorije/herbarijum].
Plant gall causers
Aceria artemisiae (C a n e s t r i n i 1891) Aceria campestricola (F r a u e n f e l d 1865)
Aceria cerrea (N a l e p a 1898) Aceria erinea (N a l e p a 1891) Aceria fraxinivora (N a l e p a 1909 Epitrimerus trilobus (N a l e p a 1891) Eriophyes pyri (P a g e n s t e c h e r 1857)
Andricus corruptrix (S c h l e c h t e n d a l 1870) Andricus curvator (H a r t i g 1840) Andricus foecundatrix (H a r t i g 1840) Andricus gemmeus (G i r a u d 1859) Andricus hungaricus (H a r t i g 1843) Andricus kollari (H a r t i g 1843) Andricus lignicolus (H a r t i g 1840) Andricus lucidus (H a r t i g 1843)
Eriophyes viburni (N a l e p a 1889) Eriopyes tiliae (P a g e n s t e c h e r 1857.) Euura testaceipes (B r i s c h k e 1883) Geocrypta galii (L o e w 1850) Hadrobremia longiventris (K i e f f e r 1909)
Hartigiola annulipes (H a r t i g 1839) Jaapiella genisticola (L o e w 1877) Jaapiella veronicae (V a l l o t 1827) Janetia cerris (K o l l a r 1896) Janetia nervicola (K i e f f e r 1909) Janetia pustularis (K i e f f e r 1909)
Janetiella oenephila (H a i m h o f f e n 1875)
Lasioptera rubi (S c h r a n k 1803) Lipara lucens (M e i g e n 1830) Liposthenes glechomae (L i n n e a u s 1758) Neuroterus saliens (K o l l a r 1857) Ortezia urticae (L i n n a e u s 1758) Pemphigus borealis (T u l l g r e n 1909) Pemphigus protospirae (L i c h t e n s t e i n 1885)
Pemphigus spyrothecae (P a s s e r i n i 1860) Phorodon humuli (S c h r a n k 1801) Phyllocoptes goniothorax (N a l e p a 1889)
Phytoptus tetrarinchus (N a l e p a 1890)
Pontania pedunculi (H a r t i g 1837) Pontania vesicator (B r e m i -W o l f 1849)
Pontania viminalis (L i n n a e u s 1758) Prociphilus bumeliae (S c h r a n k 1801) Psyllopsis fraxini (L i n n a e u s 1758) Rabdophaga terminalis (L o e w 1850) Rhopalomyia baccarum (W a c h t l 1883)
Roepkea marchali (B o r n e r 1931) Sacchiphantes abietis (L i n n a e u s 1758) Schizomyia galiorum (K i e f f e r 1889) Semiaphis anthrisci (K a l t e n b a c h 1843)
Sibinia femoralis (G e r m a r 1824) Spurgia esulae (G a g n e 1990) Synophrus politus (H a r t i g 1843) Tetramesa hordei (H a r r i s 1830) Thecabius affinis (K a l t e n b a c h 1843) Trigonaspis megaptera (P a n z e r 1801) Wachtliella persicariae (L i n n a e u s 1767)
Zygiobia carpini (L o e w 1874)
The collection contains the recorded data on the distribution of 227 plant gall species or causers, belonging to 65 genera, and 17 families. These galls are formed on the 132 plant species, belonging to 78 genera, and 41 families. More different plant galls occur on the herbaceous plant than on woody and bushy plants. Analyzing plant genera as hosts for different gall causers species, two plant genera stands out and they are: Quercus L. (oak, 61 species of galls) and Salix L. (willow, 30 species of galls). These species are the building constituents of natural habitats and anthropogenic, landscaped areas (parks, alleys). In the group of herbaceous plants galls, the most of galls were recorded for the genus Artemisia L. (mugwort, eight species of galls). Plant galls on the woody species are most commonly developed on the leaves. In herbaceous plants, galls are developed in equal measure on the flowers (inflorescence) and leaves. Of biological importance is to emphasize that out of 410 analyzed plant galls, 77 are developed on the generative organs; disproportion of the population of the plant host and causers could have negative impact, both on the causers and the host plants populations; recording the related causer species that are nonindigenous, could have a negative impact for the generative reproduction of host plants and thereby weaken the genetic potential of the population.
Plant gall, whose causer is Diplolepis rosae (L i n n a e u s, 1758) has the largest distribution and it can be assumed to be distributed along the entire real of Rosa canina L. 1753 and its related species. The species of the genus Tilia L., Ulmus L., Vitis L. and Rubus L. are often gall hosts as well, primarily galls occurs on the leaves and branches. The trees of these species in certain localities bear plant galls in almost all leaves.
Species Agrobacterium tumefaciens S m i t h & T o w n s e n d 1907, is a frequent causer of galls in woody dicots, and in the database collection it was recorded for only two host species.
For all other galls, which are deposited in the herbarium, causers are animals, belonging to the classes: Arachnida (C u v i e r, 1912) and Insecta (L i nn a e u s, 1758). The most of the causers belong to genera Eriophyes S i e b o l d, 1851 (Eriophyidae, Arachnida) and Andricus H a r t i g, 1840 (Cynipidae, Insecta).
CONCLUSION
There is no doubt that this coevolutional solution and the degree of adaptation of organisms to survive, is a unique natural phenomenon. However, the weak interest of researchers for the collection of such materials has resulted in small number of plant gall collections both in Serbia and in general. Most of the scientific collections do not have a plant galls or they are not adequately processed, classified, and as such become available to scientific, professional and general public.
Collection of Herbarium BUNS is one of the few scientific collections having this type of natural materials in its depots. In terms of knowledge of species and the coevolutional relationship of plants and gall causers, this collection highly contributes to the general knowledge of biodiversity.
